Background People who score poorly in intellectual ability tests have shorter life expectancy. A study was undertaken to determine whether this association is different in people from different socioeconomic backgrounds. Methods The mortality of 2786 men born in Helsinki, Finland during 1934e1944 who, as military conscripts, underwent a standardised intellectual ability test comprising verbal, visuospatial and arithmetic reasoning subtests was studied. Mortality data came from the Finnish Death Register. Results Comparing men in the lowest and highest test score quartiles, HRs for all-cause mortality were 1.9 (95% CI 1.4 to 2.5) for verbal reasoning, 2.2 (95% CI 1.6 to 3.0) for visuospatial reasoning and 1.9 (95% CI 1.4 to 2.5) for arithmetic reasoning, corresponding to 2.6, 3.4 and 2.6 excess years of life lost, respectively. Associations were similar for cardiovascular and noncardiovascular mortality. Intellectual ability scores were stronger predictors in men who grew up in middle-class families. Compared with middle-class men in the highest quartile of the visuospatial reasoning score, middle-class men in the lowest quartile lost 6.5 years of life while men from families of manual workers in the highest quartile lost 2.8 years and men in the lowest quartile lost 5.6 years. Conclusions High intellectual ability in men aged 20 protects them from mortality in later life. This effect is stronger in men who grew up in middle-class families than in those who grew up in manual worker families. This finding suggests that early life conditions that are unfavourable to the development of cognitive abilities negate the life expectancy benefits of being born into a more affluent family.
INTRODUCTION
People who gain lower scores in intelligence tests have shorter lives. Although this phenomenon has been known for decades, 1 only recently have longitudinal studies been able to link low premorbid intellectual ability with increased mortality and morbidity later in life. 2e14 Why intellectual ability predicts mortality is only partly understood. Confounding by childhood socioeconomic status (SES), a strong predictor of mortality, 3 5 8 9 15 explains only a small proportion of the relationship.
2 3 7e9 12 Although higher intellectual ability scores are associated with healthier adult lifestyle 12 14 16e18 and lower levels of risk factors for specific disorders, 6 18 19 data addressing cause-specific mortality and morbidity are inconclusive. Most published studies rely on childhood intelligence assessment; we are aware of only three longitudinal studies that have been able to use intellectual ability measured in early adulthood, when intellectual abilities are stronger predictors of adult outcomes such as educational attainment and occupational success. 20 21 In studies of Swedish conscripts 7 10 and Australian military recruits, 13 follow-up was restricted to 51 and 40 years of age, respectively. Only a US Vietnam veterans study 6 14 has a follow-up to around 60 years. Furthermore, to our knowledge, no study has assessed whether the effects of intellectual ability on adult mortality differ among people of different socioeconomic backgrounds.
Our aim was to assess whether intellectual ability measured in male conscripts predicted mortality and whether this effect was different in men from different socioeconomic backgrounds.
METHODS Subjects
The study population was from the Helsinki Birth Cohort which includes 8760 subjects (4630 men and 4130 women) who were born at Helsinki University Central Hospital between 1934 and 1944 and who attended child welfare clinics in Helsinki. School healthcare records were available for most participants. The cohort and data available have been described in detail elsewhere. 22e24 Permission was obtained to link data collected within the Helsinki Birth Cohort Study (HBCS) with data from compulsory military service for these 4630 men, of whom 2786 (60.2%) had intellectual ability test data.
We defined childhood SES based on the father's occupation which was obtained primarily from school healthcare records (77.3%); if unavailable, child welfare clinic (19.8%) or birth records (1.1%) were used (data missing from all records for 1.8%). The occupations were grouped into middle-class (comprising lower and higher officials and selfemployed people) and manual workers based on a classification from Statistics Finland.
Data for each subject's completed education, occupational and marital status have been received from Statistics Finland at 5-yearly intervals between 1970 and 2000. Maximum achieved education was grouped into four groups according to the UNESCO classification and maximum achieved occupation into four groups based on a classification used by Statistics Finland. Data for household taxable income came from Statistics Finland, based on the 1980 census. The HBCS has been approved by the ethics committee of the National Public Health Institute and military service data were linked with permission from the Finnish Defence Command.
Assessment of intellectual ability at the start of military service
The Finnish Defence Forces basic ability test was developed at the Finnish Defence Forces Education Development Centre. This obligatory test was introduced in different army regiments from 1955 onwards and was given to new recruits during the first 2 weeks of service. The test comprises verbal, visuospatial and arithmetic subtests, each composed of 40 multiple-choice questions increasing in difficulty, and has been described in detail elsewhere. 24 25 Briefly, in the verbal reasoning subtest, the subject chooses synonyms, antonyms or words belonging or not belonging to the same category as given words, and similar relationships between two word pairs. In the arithmetic reasoning subtest, the subject completes series of numbers, solves short problems, computes simple arithmetic operations and chooses similar relationships between two pairs of numbers. The visuospatial reasoning task is analogous to the widely used Raven's Progressive Matrices 26 and consists of a set of matrices with one removed part. The subject is asked to decide which of the given single figures completes the matrix. We used scores of individual tasks rather than a global total score because these scores may have dissimilar origins during development 24 and different predictive values on disease. 25 The test results for each subject were collected from microfilms of the Finnish Defence Forces Education Development Centre. The data also included the subject's height and weight. Body mass index (BMI) was calculated as kg/m 2 .
Mortality data
A unique personal identification number was assigned to every resident of Finland by 1971. Using this number, we followed up the subjects from 1 January 1971 to 31 December 2003 by linking their birth data to the Finnish National Death Register. 27 The primary causes of death were classified into disease categories ( 
Data analysis
A c 2 test was used to compare distributions of variables in categories, t test for comparison of continuous variables between groups and linear regression to assess the associations between continuous variables. The ability test results were converted to z scores (SD units) so that the mean z score of the study cohort was zero. We examined these z scores as predictors of mortality using Cox proportional hazards model, stratified according to year of birth. The verbal reasoning test z scores increased by 0.05 z scores (95% CI 0.04 to 0.06) per year of testing, visuospatial test z scores by 0.04 (95% CI 0.03 to 0.05) units and arithmetic test z scores by 0.05 (95% CI 0.04 to 0.07). The mean (SD) age at testing was 20.1 (1.4) years (range 17.0e28.1). An increase of 1 year in the age at testing was associated with an increase of 0.15 (95% CI 0.12 to 0.17) units in the verbal reasoning test z score, 0.12 (95% CI 0.09 to 0.14) units in the visuospatial test z score and 0.14 (95% CI 0.11 to 0.17) units in the arithmetic reasoning test z score. We therefore adjusted all HRs for year and the age of subject at testing. We also performed additional adjustments for height, BMI and childhood and adult SES. From the HRs, we also calculated excess years of life lost by comparing life expectancy between the groups. Life expectancy was based on the Finnish year 2005 life tables, obtained from Statistics Finland, for men aged 26e70 years (the period representing the range of follow-up in the present study). We divided the ability test scores into quartiles to illustrate the graded nature of the relationships; for trends of HRs, the scores were used as continuous variables. Interactions were assessed by including a product term in the model.
RESULTS

Availability of intellectual ability test data
We first compared those 2786 men for whom intellectual ability test data were available with the 1844 men for whom data were not available. Table 1 shows that more of the men born in the later years had available data. Availability of the ability test data was not related to father's occupational status (p¼0.1), body size during military service (p$0.2) or maximum achieved education (p¼0.4) later in life. Men who had no intellectual Table 2 also shows the associations between intellectual ability and cardiovascular and non-cardiovascular mortality. Mortality from both causes increased with lower intellectual ability scores. The only quadratic relationship was an inverse Ushaped association between non-cardiovascular mortality and visuospatial reasoning (p¼0.03). In addition, we analysed the effects on cancer and non-natural deaths. The HRs for death from cancer associated with a reduction of 1 unit in the mean z score were 1.30 (95% CI 
Socioeconomic status as a potential confounder, moderator or mediator
While adjustment for height and BMI during military service had little effect on the results, further adjustment for childhood SES as indicated by the father's occupation had a small attenuating effect (model 2, table 2). We then assessed whether the effects of intellectual ability on mortality are different in men from different socioeconomic backgrounds (table 3) . Although intellectual ability predicted mortality in men from both socioeconomic groups as defined by father's occupation, the relationship was stronger in men from middle-class families than in men from manual worker families (p values for interaction between childhood SES and intellectual ability scores 0.06 for verbal score, 0.002 for visuospatial score and 0.02 for arithmetic score). Conversely, childhood SES was a strong predictor of mortality among men who had high intellectual ability test scores; for men with low scores, childhood SES was not related to mortality. The stronger association of ability test scores in men from higher socioeconomic background was seen for both cardiovascular and non-cardiovascular mortality (not shown).
We assessed adult SES as a potential mediator of the relationship. As a primary proxy we used adult educational attainment, which has been reported to be more strongly correlated with early life intellectual ability than other widely used indicators of SES such as occupation and income. 20 We then assessed marital status as a potential mediator of the relationship. Three hundred and twenty-three men (12.0% of those with data available) had never been married. They had lower scores in verbal (À0.13 vs 0.02; p¼0.01), visuospatial (À0.18 vs 0.03; p<0.0001) and arithmetic reasoning tests (À0.13 vs 0.03; p¼0.007). Adjustment for marital status did not affect the association between intellectual ability scores and mortality.
Excess years of life lost
The HRs were converted to excess years of life lost. A reduction of 1 unit in the z score for the verbal test was associated with 0.8 (95% CI 0.4 to 1.1) excess years of life lost compared with 0.9 (95% CI 0.6 to 1.3) for the visuospatial test score and 0.7 (95% CI 0.4 to 1.0) for the arithmetic test score. The differences between the lowest and highest ability test score quartiles were 2.6 years for the verbal test score, 3.4 years for the visuospatial test score and 2.6 years for arithmetic test score. The interaction between childhood SES and intellectual ability test scores is shown in table 4.
DISCUSSION
We found that men whose intellectual ability test scores at age 20 were in the lowest quartile had approximately twofold higher mortality rates, corresponding to approximately 3 years reduction in lifespan compared with men in the highest quartile. This is consistent with previous studies assessing intellectual ability in children 2e5 8 9 or young adult men. 6 7 13 14 28 The mortality gradient operates across the whole range of intellectual ability test scores. The novel finding in our study is that intellectual ability scores, while predicting mortality in men from all socioeconomic backgrounds, are much stronger predictors in men who come from a middle-class background than in those from manual worker families. Men from middle-class families whose visuopatial reasoning scores were in the lowest quartile of all men had a 3.5-fold higher mortality or a 6.5-year reduction in lifespan compared with middle class-men whose scores were in the highest quartile. The mortality rate among men whose visuospatial reasoning scores were in the lowest quartile was similar in men from middle-class and manual worker families. While high scores were also protective for men from manual worker families, this protection was weaker than in men from middleclass families. The results for verbal and arithmetic reasoning were similar although the mortality gradients were less steep. In short, having high intellectual abilities was more strongly protective in men from middle-class backgrounds, while higher SES in childhood did not protect men with low intellectual abilities. This is noteworthy because an association between childhood SES and later mortality has been consistently reported. 3 5 8 9 15 Possible mechanisms A number of mechanisms have been proposed to explain the protective effects of higher intelligence. 2 They include adult socioeconomic advantage and social capital, healthier lifestyle and better disease management. Consistent with previous observations, 6 12e14 we found that adjusting for educational attainment attenuated the associations between intellectual abilities and mortality. This may be because both are measurements of intelligence, or because educational attainment encapsulates important aspects of SES in later life, or both may apply. The association between lower intelligence and higher mortality was strong in men from middle-class families. Previous studies suggest that these men are more likely to experience downward social mobility 29 which, in turn, is associated with increased mortality. 30 31 However, the associations between intellectual ability and mortality remained sizeable, particularly in men from middle-class families in whom the associations with visuospatial reasoning remained even after further adjustment for adult occupation and income. This argues that that the association between intellectual abilities and mortality is not solely explained by adult SES.
Part of our findings may be explained by healthier lifestyle, as suggested by previous findings that more intelligent children and young adults have more healthy diets, 17 are physically more active, 17 smoke less 12 14 18 and drink less alcohol 14 16 18 in their later lives. A role for earlier detection and better management of disease is supported by our finding that men who have lower intellectual abilities are more likely to die from cancer, while previous studies suggest that they are as likely to be diagnosed with cancer. 32 Intelligent people may live longer because intelligence is part of a combination of properties of an individuald'fitness'dthat are present from early life onwards and are associated with good health and protection against disease in later life. 21 22 24 33 Cognitive function may be more closely related to fitness in children in middle-class families than in the families of manual workers. The most common reasons for poor fitness and poor cognitive functioning may differ according to SES. Moreover, socioeconomic factors may buffer adverse early life events that would lead to poor cognitive abilities. Consequently, men from middle-class families who are in the lowest quartile of intellectual ability scores may represent a more severe end of the cognitive abilities and 'fitness' spectrum that are more refractory to the buffering effects of SES.
Public health implications
Despite allocations of resources, socioeconomic health disparities remain and in many societies are increasing. 34 Recent studies suggest that intellectual abilities are comparable if not stronger 15 predictors of mortality than socioeconomic factors. While intellectual abilities are associated with SES, our findings and most others 7 8 12 show that childhood and/or adult SES explain only part of the association between intellectual abilities and mortality. Our findings further underscore the predictive value of intellectual abilities by showing that, in men with the lowest intellectual ability test scores and thus the highest mortality, childhood socioeconomic background had no additional effect on mortality beyond that predicted by intellectual abilities. For the long term, these findings add to the evidence that promoting optimal early development will both improve cognitive function and prolong life. In the shorter term, societal support to people with low intellectual abilities in taking responsibility over their health should be encouraged. Within the healthcare system, health education and patient information need to be tailored to meet the needs of people with different intellectual abilities.
Strengths and limitations
The strengths of this study include the intellectual ability test performed during compulsory military service in early adulthood and the near comprehensive availability of socioeconomic and validated 27 mortality data through national registers. Intellectual ability tests performed around the age of 20 years are better predictors of adult education and occupation 20 and intelligence 35 36 than those performed in childhood. We have previously discussed the limitations of the HBCS. 37 The most obvious limitations of the present study are that it is limited to men. Moreover, not all men in the HBCS underwent the intellectual ability test. The availability of intellectual ability data was, however, not associated with childhood SES or adult education, nor was it associated with mortality when men who were exempted from service because of health were excluded from the analysis.
CONCLUSIONS
Intellectual ability in young men is a strong predictor of mortality later in life. The association is observed for cardiovascular, non-cardiovascular and cancer mortality. While high intellectual ability is protective for men from all socioeconomic backgrounds, its protective effect is much stronger in men who grew up in middle-class families than in men from manual worker families. Conversely, the association between low SES in childhood and increased mortality is not seen in men with low intellectual ability scores. While the optimal period for promoting intellectual development may be very early in life, in the shorter term our results underscore the importance of empowerment of people in the lower end of the intellectual ability spectrum in today's society with its increasing demands for better intellectual performance.
